US Gav't

FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. “WMEA NUMBER: 1.15.0 ORIGINATOR: JSC/MM ASTRO PROJECT: GFE
PART NAME: CARGO BAY LEU/ORU PART NUMBER: 2278890-508 OUANTITY: 1
PART NUMBER: 3278590-506 LEU/ORU PART NAME: CTVC SYSTEM: CCTV
L3¢ CONTROL NO:N/A TRAWINGREF DESIGNATCOR:-22T8890 SUBSYSTEM:
ZONE/LOCATION:N/A EFFECTIVITY/AFFECT 5TAGE:

C LITY:
CRITICAL ITEMT: _Yes SUCCESS PATHE:
CRITICALITY CATEGORY-__ 22 SUCCESS PATH REMAINING:
END ITEM NAME.:
END TTEM FURCTIONAL:
EMND ITEM CAPABIIITY:

ENLD ITEM FATLURE TOLERANCE:
IDUNDARCY SCREENS: (ORBYTER/SPACE STA

- Fass
~ Pagx
- Fass

Y03 e

: INCTHON: Lass of PTU functicn
. orst Casc:Upable to position PTU for desired FOV. Less of missicn critical video.

FATLTURE MODE CODE:
FAIT URE MODE: Loss of +28v pawer to the PTIL

CAUSE: -
A1 Pawer Supply

FATLURE DETECTICGN:
REMATNING FATHS:

EFFECT! MISEION PHASE:
CORRECTIVE ACTION:
None
-FATLURE EFFECTS-
END ITEM/LEL/ORU/ASSEMBLY :Loss of camera cutped
RLBSYSTEMMNEXT ASSEMEBLY/INTERFACE: INo video
SYSTEMEND ITEMDITSSTON: Loss of mission critical video

CREW/NEOICLE : None.

. HaAZARD INFORMATION:
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FATLURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

MEA NUMBER: 1.13.u QRIGINATOR: JSC/MM ASTRO PROJECT; GFE
PART NAME: CARGD BAY LRU/QRU PART NUMBER: 32TRES0-506 OUANTITY: 1
PART NUMBER: J27ER%0-50t0 LEU/ORU PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL NOSN/A DRAWING/REF DESIGNATOR: 32178820 SLESYSTEM:
ZOXE/LOCATION:NA EFFECTIVITY/AFFECT STAGE:

HAZARD: YES___ NO_X__
HAZARD ORGANLZATION CONE:

HAZARD NEMEER:

TIME TO EFFECT:

TIME TO DETECT

TME TO CORRECT:

FALLURE DETECTION/FLIGHT:

REMAHKS;
-FATIONALE FOR ACCEFTABILITY-

{A) DESIGN:
The CTVC is comprised of 21 electrical subassemnblies; 15 subassemblies are GE Asiro Space designed and fabricated using
~zndard prioted circuit board type construction. The remainiog six assemblies, ¥ siepper motors, 1 brushless moior,
ism/CCD, and Lens assembly are vendor supplies compenents, which bave been specified and purchased according t¢ GE
«pecificatien Control Drawing (SCDs) preparcd br Enginecring and Product Assurance Specificatinns per the SCD are
performange, 1est, qualification, and accepiance requircments for a precured picee of equipment. Fars, materials, processes,
and desigmn guidelines for the CTVC program are specified in accordance with GE 3267759, This dorument defines the
program requirements.

MI-STD-975 will serve as the primary EEX parts selection docoment. H a suicable par cznopt be lund ie MIL-STD-
975G, equivalent EEE paris that meel ibe Jollowing criteria m2y be substituted.

Microcireuit 5 are ar least Class B Level, MIT~M-33510 devices. All microcircuity are yubjected 10 Particle Impact Noise
Detection (PIND} testing per MTL-3TD=-883C {except for devices with plasiic cpoay-1ype package).

Diedes and transistors are at least JANTXV in accordance with MIL-8-195040, All semi-conductors in cavigy-tvpe paciiages
are subjected to PINE} testing per MITL-STD-RR3IC. Relays 2ee procored 1o the highest military cstablished reliabilizy (MIE-
ER} level as defined io MIL-R-39016. Relays arc subject to PIND testing,

Switches are procared 10 at lesse the second highest level of the appropriste MIL-ER specification. Switches are suhjected to
either PIND testing or X-ray anzlytie a5 appropriate, Tor particle detection

Olher diserele parts are procured to at least the second highest level of the appropriate MI1L-ER specification.

Parts not included in the ahove dncuments have been used io the design only after a non-standard parts acCeprance request
{NSFAR) has been prepared, submitted to Belinbility Assurance Engineering and approved for use in the specific
applicationds} defined in the NSPAR by NASA-T5C,

“orsi case circuit analyses bave been performed and documented for all circuit desizns é0 demynstrate that sufficient
serading margins exist for all operating conditions. The analysis was worst case in thal the value for each of the variable
parameters was sct to Jimits that will drive the output to 4 maximum (or min), A component approach review and analysig .
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. ™EA NUMEER: 1.13.0 ORWFINATOR: JSCMM ASTRO FROJELCT: GFE
PART NAME: CARCO BAY LRUQRL PART NUUMBER: 3275830-500 QUANTITY: 1
PART NUMRBFER: 32TR380-M0 LRIVORL PART NAME: CTVC SYSTEM: CCTY
LSC CONTROL NO:NA DRAWING/REF DESIGNATOR:3ZTER%0) STTBSYSTEM:
FONELOCATION:N/A EFFECTIVITYFAFFECT 53TAGE:

was conducted ta verify that the applied stress on cach picce part by the tfemperature extremes identified with eavirenmental
qualificatiop testing does not excecd the stress derating values idenfified in GE 3267759,

In addition, an chjective examination of ibe design was performed through 2 Preliminary Design Review and Critical Design
Review to verify thar the CTVC met specification and coneractual requirements

BARE BOARD DESEGN

All boards are constructed frim laminated copper-clad eposy glass shects per MIL-P-13249 Type G Grade A Circuit
connections are made through printed traces which run from poiot to peint on the board surfaces. Every trace te rminales at
an annular ring. The aopular ring surrounds 1he hole in which 2 component lead or terminal is located. This ring provides a
footing Tot the solder, ensuring good mechapical and eiectrical performance. Tts size and shape are goveraed by MIL-P-
§5640 25 are race widths, spacing and routing. These requirements are reilevated specificelly in drawing notes to further
assure compliance. Variatio between the artwork master and the final product (due to irvegularities of the etching process)
are also controlled by drawing notes. This prevents making defective boards from pood artwork. Hules which house no lead
or terminal, but serve nnly to slectrically interconnect the differend board 1xvers, contain sticch hars far mechanical support
and inc reased reliability.

The through holes are drilled from a drill tape thus eliminating the pussibility of human errer and allowing fight conirol over
hole and sonolar ring concentricity, o impnrtant refiable criterion. Afier drilling and etching, all copper <Jadding is sin-
1d plated per MIL-3TD-1435. This provides Tor easy aud reliability suldering 3t the time of beard assembly, even after
rixls of prolonged storage.

EQARD ASSEMBLY DESTGN

ANl camponents are installed in a manoer which asures mazimuro relizbility. Component leads are pre-tisned, allowing
total werting of solder joints. All lcads are formed 1o provide stress relief and the bodies of large components are staked.
Special mpunting znd handing instructiens are included in each drawing required after final assembly. The board is coared
with wrethane which protects againgt bumidity and contamination. :

(B8] TEST: ACCEPFTANCE
Euch assemhbly is individoally tasted to 8 NASA approved Acceprance Test Frocedure TP-AT-32788%0. The Acceptance Test
Flow is detailed in Table 1.

DUALTFICATION TEST

‘The gualification unit is identical to the flight unit confipuration in every respect and is wsed selely for the purpose of
yqualification testing. The Qual unit must successTully complete accepiance testing prior to zotering qualification testing. The
Qual woit has passed testing in accordande with NASA appraved test plan PN-C-32738%0. The Qualification Test Flow is
detailed in Table 2.

QOPERATIONAL TESTS

T order to vereily that CCTV comprnents are operational, 2 185t must verify the health of all the command related
compenents from the PES (ATA1) panel switch, throupgh the RCT), chrough the syvae lines to the CameraPTU, to the
Camera/FTU command deceder. The test musi also verily the camera’s sbility tn produce viden, the V8175 ability to route
viden, and the monilor's ahiticy 10 display video. A similar test would e performed 1o verify the MDM command path.

Pre-Launch on Orhiler TesuTn-Flight Tesl

1. Pawer CCTV 5ystem,
i Via the PRS pancl, sclect 2 moniter.,
i Scnd “Camera Power Or™ command Trom the
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FATLURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

EA NUMBER: 1.13.0 ORIMGINATOR: JSC/MM ASTRO PROJECT: FE
FART NAME: CARGO BAY LEU/ORU PART NUMBER: 3275820-304 QUANTITY: 1
FPART NUMBER: J178850-506 LRU/ORT PART RAME: CTVC SYSTEM: {CTV
L5C CONTROL NO:N/A DRAWING/REF DESIGNATOR: 3273850 SUBSYSTEM:
ZONEMLOUATION:N/A EFFECTIVITY/AFFECT STAGE:

the PAS pancl.
4 Sefect “External Syoc™ on monitor,
5 {bserve viden dizplayed on munitor.
Nnte that il ¥ideo on monitor is synchronized
{i.c.. stable raster).
0. Send Fan, Tilt, Focus, Zoom, AL, and Gamma
commands ang visoally {either viz the
monitor or direct ohservation) verify
nperation.
s Lelect downlink as destination and
camera under 1051 A5 SOUMCE.
K, Ohserve video routed to downlink.
e Send “Camera Power Off™ command via PHE panel.
1.  HRepeut Steps 3 through 9 excepe issue
commands via the MDM command path.

(C) INSPECTION:
Procurement Conirol - The CTVC EEE Parts and bardware tems are procured from approved vendors and suppliers,
which meet che requirements set forch in the CTVC contract. Resident DPRO perscnnel review zll procuremend documentr
estnblish the need for G351 on sefected paris (PAT 517,
toming Inspection and Starage - Incoming Quality inspections are myde on all reccived materials aad parts. Results are
recorded by lot and retained in file by drawing and contral numbers for future reference and traceability. All EEFR paris are
subjected 1o incoming acceplance 1asis as called far in PAI 315 - Incoming Inspection Test Instructiong. Theaming flight parts
are further processed in accordance with GE 1346654 - Preconditioning ami Acceptance Requirements for Electronic Parts,
with the exceptinn that DPA and PIND testing is not performed. Mechsnical items are inspected per PAL 316 - Incoming
Inspection lnstructions for Mechanical ilems, PAT 305 - Incoming Quality Control Inspection Insiruction, and PAL 612 -
Procedure for Processing Incoming or Purchased Parms Designated for Flight Use. Accepted items arée delivered 1o Material
Contrulled Stores snd retained under specified conditions unéll fakrication is required. Noa-conforming materials are held
far Material Review Board (MRS} disposition. (PAT-307, PAl ICHC-531)

fpard Assemhly & Tes - Prior 60 the start of TVC board assembly, all items are verified to be correct by stock room
personnel , as the items are sccumulated o form a kit. The items are verified again by the operator who assemhles the ki by
checking against the as-huilt-paris-list (ABFL)., TFRO Mandatory Inspection Points are desipned Tor all printed cirguit, wire
wrap and welded wire boerds, plus harness connectors for soldering wiring, celmping, solder splices and guality
workmanship prior to coating of the componcnt side of boards and sleeving of harpesses.

CTVC Boards

Specific CTVC board assembly and (est instrzctions are provided in drawing notes, and upplicable decuments are called ot
in the Fabrication Procedure and Record (FPR-3275890) ang parts list PL3278590. These include Process Standard RTV-
565 1226881, Process Standard - Bonding Velere Tape 21801889, Specification  Soldering-Specification Crimping 2280500,
Specification - Bonding and Staking 2216878, Specification - Marking 22804 76,Specificativn - Werkmanshlp BU3H3S,
Specification Ronding and Staking 2280875, specification-Wave Soliler 2280821, Specification-Printed Wire Board Staking
1280851, Specification-Refiow Soldering 2280754, Speeification-Seldering Surface Mount Components 20005710

CTV(C Asembly and Test

- 1 open box test is performed per FP-TF-3276820 and an Acceptance Test per TE-AT-3278300), including vibration and
aermal vacuum, Tergue’s are specified and witnessed, traceability numbery are recorded and calibrated tools ave checked

prior to use. GE Quality and DPRO inspections are perfgrmed a the completion of specified FPR operations in aocordance .

with PA¥-204, PAT-205, and PAI-217. DPRO personne] witness CTVE button-up and ¢ritical torquing,
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

"MEA NUMBER: 1.13.0 ORIGINATOR: J3CMM ASTRO PROJECT: GFE
PART NAME: CARGO BAY LRU/ORL PART NUMBER: 3178850-506 QUANTITY: 1
PART NUMEER: 52788%90-506 LRU/ORYU PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL NO:N/A DRAWING/REF DESIGNATOR: 517885 SUBSYSTEM:
ZONESLOCATION:NIA EFFECTIVITY/AFFECT STAGE:

The CTVC is packaped acvording t6 CCTY Leter 8011 and 2230746, Process Standard for Packaging and Handliog
yuidelines, All rélated documentation including rssembly drawings, Parts List, ABPL, Test Dat.etc., is gathered and held in
a documentation folder assipned specifically to cach assembly. This folder is retained for refereoce. An EXDP is prepared far
cach assemblyin acenrdance with the reguirements of 'WE-2503176. GE QO apd DPRO persannel witness eratiog,
packaping, packing, and markiag, and review the EIDP for completeness and accuracy.

TABLE 1. ACCEFTANCE TEST FLOW

l. RDOM AMEBIENT PERFQRMANCE TEST

Test conducted per the requirements of NASA
apprined TP-AT-3273890.

2. ACCEPTANCE VIERATION EXPOSTIHE
2080 Hx: 3 db/nclave rise from 0.01 g2/Az to ¢.04 g2/HZ

0-350 Hz: 0.01 g1/Hz
J50-2000 Hz: 3 dB ortave decreased 1o 0.006 g2/Hz
Test Duration: 1 minute'akis, operating

Test Leyel; 6,1 grms

POST-VIBRATION FL AL CHECK
Test conducted por the ceguirements of NASA
approved TP-AT-3278800.

1. ACCEPTANCE THERMAI-VACTUTM EXPOSTRE
L5 eveles total from +135 deg F to +14 deg F.

Aftey stabilization, ene hour minimumn duration
at each plateau. lo-spec functiomal tests performed at
each plafean,

3. ENY ENTAL PERFORMANCE TEST
Room ambient performance tess conduocied in
aciordance with NASA approved TP-AT-32 784U,

TAELE 2. QUALIFICATION TEST FLOW

1 EMI
Conduct 1ests run in accordance with the requiremeants of
SL-E-002 R, including C501, C502, k06, TIOL, CED1, and CEO,
Fadixted lests ronin aeeordunce with SL-E0002R including R502, RS0,
and REQZ except that the test cucrent for BS02Z was 2 amps o liew of 20 amps.

2. OUAL FORACCEFTANCE VIERATION
20-¥0) Hz: Zdb/octave increasing (o 0.067 p2/Hz

80350 ez 0.06 7 uctave

350-2000 Hz: Idhjoctave decrease

Test Level; 7.% grms

Teit Duretion: 5 minuieiaxis operating
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

“WEA NUMEER: 1.13.0 ORIGCINATOR: JSC/MM ASTRO

FROJECT: GFE
PART NAME:; CARGO BAY LRUV/OERU PART NUMBER:; 32 T8890-5305 QUANTITY: 1
TART NUMEBER: 327532{)-50¢ LE/ORT PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL ND:NFA - DEAVWTING/REF DESIGNATOR: 3178800 SUBSYSTEM:
FONELOCATION: N/ & EFFECTIVITY/AFFECT STAGE:

3, FLIGHT QUALTFICATION VIBRATION
20-70 Hz: A dB/preave increasing to (.4 g2/Hz
T0-500 He: 0.4 g2fHz
EG0-2000 Hz: ddbfoctave decrease

Test Level; 18.1 grms
Test duration 48 minutes/aris non-operating

4. THERMAL-VACUUM
7.5 cveles tptal from +130 deg F 1o 40 deg F.

After stabilization, one hour minimom duration at each platesu,
In-zpec functional tests performed at each platean.

5. THEEMAL STMULATION
Warst case hot and £old mission environments
simnlated in vacuem, During bt case, in-5pec
aperatinn is required fer § of 14 conseculive Dours.
Druring coid case, in-spec operation is reguired fur
14 consecutive hours

HEMIDITY
120 hours exposure 1o 85% BH intluding Tour 24
hour temperature cycles of Hi0 dep F 10 4125 deg

F, non-pparatiog.
M) FATLURE HISTORY:

(E} OPERATIONAL USE
None.

(F) MAINTAINABILITY:
Possible loss of major mission objectives due to inability to
pasition camera for desired FOV

PEEPARED BY: Bernie Embrey REVISIOR:

DATE: February 17, 1995 WAIVER NUMBER
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